We report laboratory measurements to characterize the spectral output of platinum/chromium hollow cathode lamps containing neon carrier gas. The spectra were recorded photographically with the National Institute of Standards and Technology 10.7 m normal-incidence spectrograph. The lamps investigated are equivalent to the lamps used for wavelength calibration of the Space Telescope Imaging Spectrograph (STIS) on board the Hubble Space Telescope. Wavelengths and intensities are given for more than 1200 lines in the wavelength range 1132-1827 8. The uncertainty of the measured wavelengths is estimated to be AE0.0020 8. During an aging test mimicking the operations on board STIS one Pt/Cr-Ne lamp has passed 1000 hr of operation and is still in excellent working condition. This suggests that such a lamp can be operated for significantly more than 10 years and that it will not be a limiting factor for the useful lifetime of STIS.
INTRODUCTION
The selection of wavelength calibration lamps for use in space observatories is based on practical considerations such as size, weight, power consumption, ruggedness, and lifetime, but most importantly the lamp has to provide a very rich spectrum in the range of the spectrograph. Based on these considerations a Pt-Ne hollow cathode lamp was chosen as the on-board emission line source for wavelength calibration for the International Ultraviolet Explorer (IUE), which had a wavelength range of 1130-3100 8. See Mount et al. (1977) and Fastie & Mount (1978) for details. The lamp worked successfully throughout the entire 18 year lifetime (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) of the IUE, and similar devices were therefore chosen for spectrographs on board the Hubble Space Telescope (HST )-the Goddard High Resolution Spectrograph (GHRS; Brandt et al. 1994; Heap et al. 1995) , the Faint Object Spectrograph (FOS; Harms et al. 1979; Harms & Fitch 1991) , the Space Telescope Imaging Spectrograph (STIS; Woodgate et al. 1998; Kimble et al. 1998) , and the Cosmic Origins Spectrograph (COS; Green 2001) . See Macchetto (2002) for a brief review of HST 's major scientific achievements.
In the mid 1980s, the unprecedentedly high spectral resolution of the GHRS (a few parts in 10 6 ) caused some concern about the accuracy with which wavelengths and intensities of the Pt emission lines in the calibration source were known. It turned out that the best available values dated back to the 1930s and that their quality was not sufficient for use with GHRS. This vital issue was subsequently addressed by the work of Reader et al. (1990) for the Pt-Ne lamp; see their work and references therein for earlier work on the spectrum of Pt.
The spectral output of Pt-Ne lamps is, however, not well suited for the broad wavelength range of a UV-optical spectrograph such as the FOS. Pt has many emission lines from 1130 up to about 3200 8, and Ne is prominent between 5400 and 8000 8. This leaves a gap in wavelength coverage of more than 2000 8. This problem can be resolved by the addition of about 10% Cr to the cathode, which yields a rich spectrum from the far-UV up to %5500 8. As a result a Pt/CrNe lamp provides a continuous distribution of suitable emission lines for the full range 1150-8000 8 (Klose & Bridges 1987) . In preparation for the launch of the HST the performance and operational characteristics of the hollow cathode lamps were verified to the extent that their use as secondary radiometric standards was suggested (Klose et al. 1990 ). Unfortunately, no complete description of the spectrum of these lamps has been published. Although the FOS carried the Pt/Cr-Ne lamp variant, the pure Pt line list has been the basis for wavelength calibration of all spectrographs on board HST.
The Space Telescope Imaging Spectrograph (STIS) is a second generation HST instrument, replacing both GHRS and FOS. It was installed on the HST during the second servicing mission (STS-82) in 1997 February. STIS (Woodgate et al. 1998 ; Kimble et al. 1998 ) is the first HST spectrograph to provide high-resolution modes (R % 100;000) as well as large spectral coverage (1150-11000 8) . Like the FOS, STIS has on-board Pt/Cr-Ne lamps for wavelength calibration. During the Post-Operational Archive (POA) project (Rosa 2000) , conducted at the Space Telescope European Co-ordinating Facility (ST-ECF), it was already realized that the Pt-Ne line list was-quite naturally-not a good match to the Pt/Cr-Ne lamp spectra of FOS. However, at the lower resolution (%1000) of the FOS an adequate wavelength calibration using Pt lines only was possible over most of the wavelength range.
For the STIS Calibration Enhancement (STIS-CE) effort we use a physical instrument model that describes the configuration of the optical elements and the geometrical distortion. In order to fully exploit the capabilities of the model description for wavelength calibration, it is essential to have a complete and accurate line list. This is of particular importance for the STIS Echelle modes, for which it is vital to use lines all across the two-dimensional detector and to have a reasonable number of lines in every order. For Cr the lack of accurate and reliable data was acutely apparent. The best available sources are two publications by Kiess (1951 Kiess ( , 1953 on Cr ii and Cr i, respectively. For the STIS calibration enhancement the available data are of little use, since the Cr wavelengths for most lines are reported to only 0.01 8 and cover only the wavelength region redward of 2000 8.
We therefore embarked on a project to fill this gap in our understanding of the spectral output of the Pt/Cr-Ne lamp and provide the laboratory standards that are necessary to achieve the wavelength scale accuracy STIS is potentially capable of. The present paper is concerned with the wavelength range 1150-1800 8 covering the far-UV (FUV) modes of STIS.
EXPERIMENT AND RESULTS
The spectra were photographed on the 10.7 m normalincidence vacuum spectrograph at the National Institute of Standards and Technology (NIST) . This is the same instrument used by Reader et al. (1990) to measure the wavelengths and intensities of the emission lines of the Pt-Ne hollow cathode lamp. An illustrated description of the experimental setup is given in Kerber et al. (2003) . For the present work we used a gold-coated grating having 1200 lines mm À1 , blazed at 1200 8 in the first order. The region from 1115 to 1827 8 was recorded in the first order on Kodak SWR plates. 4 The plate factor was 0.78 8 mm À1 , and the resolving power was approximately 100,000.
Three types of sealed hollow cathode lamps were used: Pt-Ne lamps, Pt/Cr-Ne lamps, and Cr-Ne lamps. Two of the Pt/Cr-Ne lamps were lamps that had been used for tests of spectrographs on HST before it was launched in 1990. They had been stored at the NASA Goddard Space Flight Center and were transferred to NIST for this experiment. We also used new lamps of all three types manufactured by Imaging and Sensing Technology. 4 Some of the lamps had magnesium fluoride windows cemented directly to the front of the glass envelope with epoxy cement (types WL23502, WL23505, and WL34045). Others had magnesium fluoride windows mounted on a Kovar flange at the front of the lamp (types WL34046 and NY10527), as shown in Figure 1 of Mount et al. (1977) . This latter design is practically identical to the lamps used on board STIS. The region of observation at the short-wavelength end is limited by the transmission of the magnesium fluoride window, which decreases rapidly at wavelengths shorter than 1200 8 and cuts off at approximately 1130 8.
The lamps were mounted to the slit region of the spectrograph by an adapter flange to which was attached a flexible bellows and stainless steel quick-disconnect. Lamps with epoxied windows were inserted directly into the quick disconnect. For lamps with Kovar flanges, an o-ring seal glass joint was inserted into the disconnect. The flange of the lamp was pressed against the o-ring and clamped in place with a specially constructed fixture. With this arrangement, the lamps could be centered on the entrance axis of the spectrograph. Centering of the lamps on the spectrograph axis was carried out by illuminating the grating with light from the lamp and viewing the direct image in the plate chamber through a window in the valve between the plate chamber and evacuated main vacuum chamber of the spectrograph. The lamp was adjusted so that the image was centered vertically between the masks used to define the vertical extension of the lines.
The lamps were operated at a current of 20 mA, which is the recommended maximum operating current for these lamps. This was the current used by Reader et al. (1990) . In actual service on HST, in order to maximize lifetime, the lamps are operated at a current of only 10 mA. To check a possible difference in the spectrum at these two currents, we photographed the spectrum at both 20 and 10 mA. Exposure times were normally 3 hr at 20 mA and 24 hr at 10 mA. These times produced approximately equal exposures for lines of Pt ii. The most significant difference noted was the relative enhancement of lines of Ne ii in the 10 mA spectra as compared with those recorded at 20 mA. Figure 1 shows a tracing of the spectrum of a Pt/Cr-Ne lamp in a region near 1420 8, where this enhancement is apparent. Lines of Pt i were found to be slightly enhanced at the lower current. Wavelengths of the spectral lines display no detectable shift with discharge current at these low currents.
The plates were measured on a semiautomatic comparator. Both 10 and 20 mA exposures were measured, but our final wavelengths are based almost entirely on the 20 mA exposures. The spectra photographed at 10 mA did not appear as sharp owing to a slight instability of the spectrograph over the very long exposure time required at this current. Results for about 90 lines, mostly Ne ii and Ne iii, that did not appear in the 20 mA exposures are taken from the 10 mA spectra. The positions of the lines were reduced to wavelengths by using a polynomial fit to standard wavelengths of Pt as given by Reader et al. (1990) . From the residuals in the fit of the polynomial to the standard lines, we estimate that the measured wavelengths have an uncertainty of about 0.0020 8 (one standard deviation). Intensities for all lines were derived from microdensitometer tracings of the 10 mA spectra. The heights of the lines measured from the tracings were converted to relative intensities by use of a characteristic curve to correct for the nonlinear response of the photographic emulsion and the wavelength dependence of the spectrograph efficiency. This characteristic curve was determined empirically by comparing the heights of Pt ii lines from the photometric trace with the intensities of the same lines in the Pt atlas of Sansonetti et al. (1992) . Table 1 gives the wavelengths, wavenumbers, and relative intensities for lines emitted by the Pt/Cr-Ne lamp from 1130 to 1828 8. The intensities have been adjusted to the same scale used in Sansonetti et al. (1992) . Since the intensities were obtained entirely from photographic observations, the results for very strong and very weak lines may be affected by saturation or threshold effects in the photographic emulsion. Lines belonging to Pt, Cr, and Ne were distinguished by comparing the spectra obtained with the three types of lamps. Line identifications for the Pt and Ne lines are given in the atlas of Sansonetti et al. (1992) . The identified lines of Cr all belong to Cr ii. Since a description of the Cr ii spectrum in this region has not yet been published, we obtained classifications for the lines by using the levels of S. Johansson given in the compilation of atomic energy levels by Sugar & Corliss (1985) to predict the wavelengths for Cr ii in the 1100-1800 8 region. This provided probable identifications for most of the lines attributed to Cr. A few lines may be blends of two predicted transitions, and these are noted as such in the table. Wavelengths for Pt and Ne lines as given by Sansonetti et al. (1992) are also given for comparison in Table 1 . These values should be preferred to our present measurements for lines emitted from a Pt-Ne lamp.
A number of contaminant lines are present both in the laboratory spectra and in the STIS spectra. While we have not made an exhaustive study, the contaminants are generally fainter in the STIS spectra, presumably because extra care was taken during the manufacture and selection of the flight lamps. The laboratory and STIS spectra show some differences in the relative intensities of lines. Some of these differences are directly attributable to the current used for operation. Others may be the result of aging of the STIS lamps. In order to investigate these effects we have taken a series of spectra with a NIST Fourier transform spectrometer at currents ranging from 3.8 to 30 mA. These results will be presented elsewhere. In addition, spectra were acquired of the only hollow cathode lamps that have been returned from space after extensive use on orbit (Kerber & Wood 2004) . The lamps from FOS and GHRS provided good spectra that will be compared with the prelaunch data and archived orbital spectra to study the effect of aging. These results will also be published elsewhere.
As a further comparison of the far-UV spectra obtained at different currents, we took a few additional spectra at a current of 40 mA. As expected, the main difference in the spectra is the intensity. We estimate that the increase in intensity for the lines of Pt and Cr compared with operation at 10 mA is a factor of 8 for 20 mA, and a factor of 25 for 40 mA. At this higher current the lines of Ne ii are further suppressed with respect to the metal lines. Figure 2 illustrates the impact of the addition of the Cr lines on a STIS Echelle (mode G140H) wavelength calibration exposure. A significant number of previously unidentified lines in the spectrum are emitted from singly ionized Cr (red squares). These lines can now be used for wavelength calibration. This is of particular importance when few Pt lines are present in a single Echelle order, see both Figures 2a and 2b. Some of the Cr lines are rather prominent (Fig. 2b, . These closely spaced lines around 1430 8 had been seen as an unidentified broad feature in low-resolution FOS and STIS spectra; see Figure 12 in Kerber et al. (2003) for a STIS sample spectrum. Their presence was one of the indications that a project to properly characterize the Pt/Cr-Ne lamp spectrum was warranted. These particular lines have also been found in absorption in the solar spectrum (Johansson 1982) . The region between 1430 and 1500 8, which will benefit most from the availability of the Cr lines for calibration purposes, contains a number of lines of astrophysical interest. Most notable are the S i lines, which have a number of applications ranging from chromospheric emission from latetype giants (Judge 1988 ) to studies of the ISM (Federman & Cardelli 1995; Biémont et al. 1998 ) to comets (Feldman et al. 1991 ) and the volcanos of Io (Feaga et al. 2002) .
It is also interesting to note that in the new Pt/Cr-Ne spectra some of the faintest Pt lines could not be observed (Fig. 2 , green squares). The reason for this is purely technical. The photographic plates used for the observations are more than 10 years old, and their sensitivity has declined over time. Since they are no longer being produced, and since no plates with comparable sensitivity are now made, they are the best recording material available. We tried to compensate for this loss in sensitivity by using longer exposure times and by developing for as long as 5 minutes instead of the recommended 2 minutes, but we did not quite reach the faintest lines seen previously. Fortunately, the internal accuracy and the quality of the transfer of the Pt standards into the Cr spectrum is very high, see Figure 3 . Therefore, the new Pt /Cr-Ne list and the 1990 Pt-Ne list can be merged to form the input for the model-based wavelength calibration currently being derived by the ST-ECF's STIS-CE project.
Finally, we tested one Pt /Cr-Ne lamp to try to determine how such a lamp would age under the prolonged operating conditions needed for a space mission. On STIS there are three Pt/Cr-Ne lamps, with the LINE lamp being used for wavelength calibration exposures for the echelle modes, whereas the HITM (hole in the mirror) lamps are important for the target acquisition (Breyer 2002; Proffit et al. 2002) . During the 5.5 years of operation between installation in 1997 February and mid-2002, the LINE lamp had been used for a total of 117.5 hr, accumulated during more than 8600 exposures (J. Valenti 2002, private communication) . On average this corresponds to about 3.5 minutes of lamp usage per day on orbit. Additionally, this lamp had been used for about 80 hr during prelaunch testing (Breyer 2002) . Using these numbers the STIS LINE lamp would accumulate a total of about 370 hr in 13 years of operation until 2010, the nominal lifetime of the HST.
Most of the exposures taken are short; 91% lasted less than 60 s, with an average exposure time of %31 s. To simulate the working conditions of the STIS lamp we operated the lamp at 10 mA on an interval timer with 30 s on and 30 s off for several months, accumulating 1000 hr of operation. At several times during this period, and at the end of the period, we photographed the spectrum of the lamp on the normalincidence spectrograph and compared it with a spectrum taken at the beginning of the test. We found that the spectrum did not change noticeably. Only a small amount of sputtered cathode material was observed to be deposited on the inner walls of the lamp. The operating voltage, whose change would indicate a change in the rare gas pressure or in the cathode dimensions, changed only slightly. We thus conclude that these lamps should be able to operate reliably in space for a period of time substantially exceeding 10 years. In particular, the lifetime of the lamps will not be a limiting factor for the continued use of STIS-and proper wavelength calibration of the scientific observations-until the end of HST operations, currently planned for 2010. Both the effects of aging as well as the change of the spectral output as a function of operating current will be presented in more detail in a separate publication.
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